The objective of this paper is to investigate the behavior of the time varying volatility in eleven MENA countries' stock market using a three-state Markov regime-switching model over the period from October 30, 2006 to October 21, 2011. We find that MENA stock market volatility can be characterized by three regimes: tranquil period with low volatility of volatility, turmoil regime with high volatility of volatility and crisis regime with extremely high volatility of volatility. Besides, the Granger causation effects from the MSCI World index to MENA stock markets are stronger and statistically significant especially in crisis regime.
Introduction
Over the last two decades, most of the MENA (Middle East and North Africa) countries have experienced a number of economic reforms, financial liberalization, and global integration process. These countries experienced a noticeable growth in market capitalization, the number of listed companies, the value and the shares traded (Zaher, 2007) . These new characteristics of these markets may lead to changes in their volatility generating process.
Understanding the behavior of volatility is important for pricing financial assets, implementing hedging strategies and for evaluating regulatory proposals to restrict international capital flows. Hammoudeh and Li (2008) examine the sudden changes in volatility for five Gulf area Arab stock markets (Bahrain, Kuwait, Oman, Saudi Arabia and UAE) over the period [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] and find that most of these stock markets are more sensitive to major global events than to local regional factors. Neaime (2006) studies the dynamic relationships in the volatilities of the stock market return within the MENA region1 and the more developed financial markets of the US and UK over the period [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] . He shows that the group of countries having the stronger causal relationships in variance include the US, UK, Egypt, Jordan, Morocco, and Turkey. Maghyereh and Al-Zoubi (2004) examine the dynamic interdependence among four emerging MENA stock markets, namely Egypt, Jordan, Morocco and Turkey over the period 1998 -2003 and show that there are strong linkages among these markets at the volatility level. Yu and Hassan (2008) investigate the Granger causality test between seven MENA markets of Bahrain, Oman, Saudi Arabia, Jordan, Egypt, Morocco, and Turkey and three developed countries (the US, the UK and France) over the period from January 1, 1999 through December 31, 2005. Empirical results from tests for unidirectional Granger causality between developed and MENA equity markets show with minor exception, a non-significant evidence of causality. Alkulaib, Najand and Mashayekh (2009) investigate the lead-lag relationship between the MENA countries and regions and found that there is more interaction and linkage in the Gulf Cooperation Council (GCC) region than in the North Africa and Levant regions. This paper studies the regime-switching behavior in the conditional volatility of MENA stock market returns using a Markov regime switching volatility model with three distinct states: tranquil period with low volatility, turmoil regime with high volatility and crisis regime with extremely high volatility. The conditional volatility has been modeled by using an autoregressive GARCH (1, 1) model. Moreover, using the tests for Granger-causality, we investigate whether the strength of spillovers from the MSCI World index to MENA stock markets change scientifically as the World market moves from one regime to another2. The study is conducted using daily data for eleven MENA stock market returns (Bahrain, Egypt, Jordan, Kuwait Lebanon, Morocco, Oman, Qatar, Saudi Arabia, Tunisia and UAE) over the period from October 30, 2006 to October 21, 2011 Results show that MENA stock market volatility can be characterized by three regimes: tranquil period with low volatility, turmoil regime with high volatility and crisis regime with extremely high volatility. For example, for Lebanon, the volatility in the crisis period is twenty times higher than that in the turmoil regime, which is seventy eight times higher than that in the calm period. Granger causality test results show significant evidence of causality in variance between the World market index and MENA markets in the turmoil regime for six MENA markets (Bahrain, Egypt, Morocco, Oman, Qatar and UAE) and for eight MENA markets (Jordan, Kuwait, Lebanon, Morocco, Oman, Qatar, Tunisia, and UAE) during financial crisis. In the calm period, no significant causal relationship has been proved for all MENA markets. This result suggests that information from the World market is transmitted to the MENA stock markets, albeit mostly in turbulent periods.
The paper is organized as follows: Section 1 introduces and motivates the importance of the study of the behavior of MENA stock market volatility. Section two describes the data and the methodology. Section four presents and analyses the results. Section five concludes and gives important recommendations to policy makers. 
Data and Methodology
where it P is the closing price for each country's index at time t. The Jarque-Bera test shows that the null hypothesis of normality is rejected for all markets. The ADF test with drift and trend was conducted to check for unit root in the return series. All indices returns are stationary and the null hypothesis of unit root is rejected. The Ljung-Box Q-statistic, up to the eighth order in level and squares of returns, clearly indicates that there is serial correlation in levels and squared returns for all indices, suggesting the existence of the volatility-clustering phenomenon.
Methodology

Regime-switching behavior in the volatility generating processes
To investigate the regime switching behavior in the volatility generating process we need to determinate the conditional volatility. The most popular approach for modeling conditional volatility is the GARCH family models as introduced by Engle (1982) and generalized by Bollerslev (1986) and Nelson (1991) . For capturing volatility of stock market returns, an AR (P) GARCH (1, 1) model is specified as follows: 
where t r is the daily stock market return at time (t), t h is the conditional variance of the residuals from the mean equation and t  is the error term that follows a normal distribution with mean zero and time-varying variance.
Once the conditional volatility series have been determined, we use a Markov regimeswitching model. This model was introduced by Hamilton (1989) and largely applied to different developed and emerging stock market returns (Abid and Bahloul, 2011; Moore and Wang, 2007; Wang and Theobald, 2008 ). The selected model allows the variance to switch across different states, and the regime at any given date is supposed to be the outcome of a Markov chain whose realizations are unobservable. Three regimes of volatility have been defined: tranquil period with low volatility, turmoil regime with high volatility and crisis regime with extremely high volatility Baba and Sakurai (2011) find that there are three distinct regimes in the VIX index during the period 1990 -2010: tranquil regime, turmoil regime and crisis regime. Moore and Wang (2007) and Wang and Theobald (2008) show the existence of three volatility regimes (low, medium and high) for two new European Union states namely Poland and Slovakia and for three East Asian emerging stock markets (Indonesia, Korea and Thailand), respectively.
The proposed model is given as follows:
where t h represents daily conditional volatility, t  follows a normal distribution with zero mean and variance given by , for j = 1,2,3, and for all i. These probabilities are specified as constant coefficients that are independent of time t.
From equation (6), the expected duration d of regime j is given by
Using Hamilton's filter and iterative algorithms Equation (5) and the transition probability matrix can be estimated by maximum likelihood (Hamilton, 1994; Kim and Nelson, 1999) .
Granger causality test within regimes
In addition to the study of the regime switching behavior in the volatility of MENA stock market returns, we perform Granger causality tests (Granger, 1969) to investigate the effects of unidirectional causality between the World market index and MENA stock market volatilities across regimes. The sample has been divided into three sub-sample periods (calm, turmoil and crisis) using the smoothed states probabilities for the World market index. According to Hamilton (1989) a stock market is in regime i if the associated smoothed probability is higher than 0.5.
The pair-wise Granger causality tests are represented empirically as follows:
where VW , VMENA and t  represent stock market volatility of the MSCI World index and eleven MENA countries, and vectors of the random error term, respectively. M is the order of the respective lag variable. The VW is said to Granger cause VMENA if lagged coefficients of VW are significantly different from zero. Since results of causality test are sensitive to the lag imposed, we use the Bayesian information criterion to select the optimal lag length.
Results and Analysis
Results of the autoregressive GARCH model
The preliminary analysis was conducted on AR (P) specifications. For all our indices, we obtain that a first-order autoregressive process is sufficient to describe the expected fluctuation in mean return. The estimation results of the AR (1) The time-varying pattern of the market index price variability was confirmed for all series. In fact the coefficients of the GARCH effects ( and  ) are significant at the 1% level in all cases. The sum of  and  was close but less than one, implying persistent volatility effects.
These values vary from 0.7686 for Morocco to 0.9990 for Oman. Lamoureux and Lastrapes (1990) stipulate that the high persistence may reflect regime switch in the variance process. Figure 1 , which displays time series of the conditional variance, shows different states of volatility for all markets. This volatility is low, medium or high during several periods.
The Ljung-Box Q statistic tests show that autocorrelation of standardized residuals are statistically insignificant at 10% level for all indices. The Lagrange Multiplier test of Engle (1982) at four lags for heteroscedasticity on standardized residual are insignificant at 1% level for all series except Egypt, Saudi Arabia and the World market index showing that standardized residual does not exhibit additional ARCH effect. Table 3 reports parameter estimates of the regime switching model in which stock market conditional volatility are assumed to be drawn from three distributions which differ in the variance of the stock market volatility5. We apply the mat lab package for Markov regime switching provided by Perlin (2011) . Conditional volatility appears to be characterized by three regimes: tranquil period with low volatility, turmoil regime with high volatility and crisis regime with extremely high volatility. In fact, the volatility values are significant at 1% level for all markets.
Results of the Markov regime-switching model
In the first regime, the variance of the volatility varies from 0.0001% for Jordan and Morocco to 0.03% for Egypt. In the second regime, the volatility is more important than that in the first regime. This importance varies from eleven times for the World market index to seventy eight times for Lebanon. In the third regime, the variance of the volatility is extremely important. It varies from 0.04 % for Morocco to 1.2% for Lebanon. For example, for Oman, the volatility during crisis period is sixty nine times higher than that in the turmoil regime.
The probability of being in the same regime the following period is greater than 0.5 for all series, which indicates that regimes are persistent. Figure 2 shows some common patterns in the switching dates among all series especially around May 2008 when there is an increase in the probability of crisis regime. Also it shows individual patterns in the switching dates for countries that witnessed a revolution during the last period, such as Tunisia and Egypt. In the first regime, correlation coefficients are very low or negative for some markets such as Egypt, Jordan and Lebanon. The most important correlation coefficient is for Saudi Arabia with a value of 0.30. In the second regime, except for Tunisia, and Saudi Arabia, correlation coefficients are more important and are higher than 0.5 for Egypt and UAE. In the third regime, correlation coefficients are extremely important for all markets except those of Kuwait, Morocco, Oman and Tunisia. The most important coefficient is for Jordan with a value of 0.87. Thus, during periods of financial crisis correlations between the volatilities of various stock markets tend to increase significantly, implying limited benefits from international portfolio diversification in highly volatile market regime.
Results of the Granger causality test
Conclusion and Policy Implications
This paper investigates the time varying volatility and the volatility behavior in MENA region with three distinct states of nature: tranquil period with low volatility, turmoil regime with high volatility and crisis regime with extremely high volatility. The conditional volatility is modeled by using an autoregressive GARCH (1, 1) specification and the spillovers from the MSCI World index to MENA stock markets across different regimes are studied based on the Granger causality test.
Results over the period from October 30, 2006 to October 21, 2011 show that MENA stock market volatility can be characterized by three regimes: tranquil, turmoil and crisis. Also, significant evidence of causality in variance from the World market index to MENA markets has been proved in the turmoil regime and especially during financial crisis.
Although regimes were instable, we observed some common patterns in the switching dates among all series especially around May 2008 when there is an increase in the probability of crisis regime. Individual patterns in the switching dates are observed for countries that went through a revolution during the last period, such as Tunisia and Egypt.
Policy makers can benefit from the results of this paper: First, while transition from calm to turbulent markets is sudden and coincides with a higher volatility period, estimation of regime switching is crucial for policy makers as it allows them to predict financial crises and to estimate their duration in order to determine how they should be managed. Second, seeing the statistical significance of the presence of regime shifting in financial market volatilities, it is interesting for policy makers to predict risk in light of regime switching models. 
